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Water management will be a pressing issue in the 21st century with rising population and
its associated environmental challenges. To cope with growing demand in municipal water
supply, agriculture, and industrial processes, renewed interest in water desalination technologies
is taking shape. Multi-stage distillation and reverse osmosis currently in use are incredibly energy
intensive and expensive. In order to lower desalination cost, we aim to apply developments in
photonics, plasmonics, light-matter interactions to fabricate and test plasmonic devices that
harness sunlight to enable solar desalination [1-4].
This project aims to develop a thermo-plasmonic array that optimally absorbs solar energy
in the visible and near infrared region and selectively emits thermal energy in the wavelength
range of 5.5-7.2 µm, a region of strong absorption by the water molecule. The plasmonic struc-
ture consists of an micro-patterned array of holes coated with gold that uses surface plasmon
resonance (SPR) to achieve maximal solar absorption and thermal emission in the desired wave-
length range.
Initially, we perform finite difference time domain (FDTD) simulations to optimize the array
characteristics. With the optimized parameters, a photomask containing the desired arrays is
fabricated on a silicon wafer. Subsequently, we create replicas of the arrayed patterns using soft
lithography methods with polydimethylsiloxane (PDMS). The PDMS molds are then used to
imprint the array patterns onto polyethylene terephthalate (PET) substrates. We finally deposit
gold onto PET substrates.
The next phase includes characterization of the fabricated devices via fourier-transform
infrared spectroscopy (FTIR). These spectroscopic measurements reveal the adherence of the
fabricated device optical properties to the simulated results. The plasmonic devices will even-
tually be experimentally tested using a solar simulator to measure their efficacy in converting
solar power to thermal energy.
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II Plasmonic materials
The unique properties of plasmonic materials lie at center of this project and hold great promise
in a variety of applications. Rapid research in nanoplasmonics demonstrated surface plasmon
resonances (SPRs) in metal micro and nano-structures. Due to collective oscillations of electrons
coupled with incident light, the localized electromagnetic fields are significantly enhanced at res-
onance [5]. Surface plasmon resonances have been exploited to display novel optical phenomena
including extraordinary optical transmission (EOT), near total light absorption, and enhanced
local electromagnetic fields [6-7].
II. (i) Theory
Surface plasmon polaritons (SPP), the coupled modes of light and conduction electrons underlie
the SPRs observed in plasmonic devices. Consider a plane interface between two media with
dielectric functions ε1(ω) and ε2(ω) that lies in the z = 0 plane of the Cartesian coordinate
system. To characterize the electric fields of the SPPs, a homogeneous solution of Maxwell’s
equations under the appropriate boundary conditions must be found. That is, the solution of
the equation
∇×∇× E(r, ω)− ω
2
c2
ε(r, ω)E(r, ω) = 0 (1)

















where kspp is the wavenmber for SPPs, ω is the angular frequency, ε2 is the real part of the metal
















where λ represents the wavelength of the excitation light in vacuum [8].
II. (ii) Previous work
In 2016, Peer et al. demonstrated extraordinary optical transmission in patterned gold films
using soft lithography, a technique replicated and further described in the fabrication section. A
periodic array of nanocups with a period of 750 nm on a polystyrene film over a glass substrate,
















































Fig. 1. (a) Representation of nanocup imprinting process and (b) gold-coated imprinted
polystyrene surface from Ref [9].
Further, in 2018 Monshat et al. used SPR to enable selective emission of IR radiation with
a freestanding plasmonic membrane, as seen in Fig. 2. The plasmonic device consists of a thin
gold film with a two-dimensional array of holes, similar to our design described in the following
section. By controlling the geometry of the plasmonic structure, its period Λ, hole diameter
d, and gold thickness tAu, the SPR can be tuned to the desired region of the electromagnetic
spectrum. With periods of Λ=2.5 µm and Λ=4 µm the plasmonic device demonstrated EOT
and narrow-band thermal emission in the near- and mid- infrared regions [6].
III Device design and simulation
The fabrication process begins with finite difference time domain (FDTD) simulations in which
we seek to optimize the hole diameter, period, hole depth, and thickness of gold. Numerically
solving Maxwell’s equations for appropriate boundary conditions yields the desired parameters
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Fig. 2. Representation of free-standing Au-membrane on nickel frame with associated SEM
images for devices with period Λ=2.5 µm and Λ=4 µm from Ref [6].
to obtain absorption in the mid-infrared region. As seen in Figs. 3 and 4, we simulate plasmonic
arrays on square and triangular lattice structures.
Square la	ce
Center to center distance a= 6.15 micron
Diameter of holes is 3.69 micron
(i.e. radius is 1.845 micron)
Mask size 15 mm x 15 mm 
Mask will be a metal Chrome layer with holes
a
Fig. 3. Representation of square lattice array structure. This structure has period 6.15 µm with
hole diameter 3.69 µm.
After optimizing the period, the absorption near the desired range rises markedly with
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Center to center distance a= 6.8 micron
Diameter of holes is 3.4 micron
(i.e. radius is 1.7 micron)
Mask size 15 mm x 15 mm 
Mask will be a metal Chrome layer with holes
Note the axis are 60 degrees with each other  in the unit cell
a
Triangular la)ce
Fig. 4. Representation of triangular lattice array structure. This structure has period 6.8 µm
with hole diameter 3.4 µm.
increasing hole depth, as seen in Fig. 5. The narrow-band peak in absorption lends credibility
to the presence of SPR near 6.5 µm.
Fig. 5. FDTD simulation of plasmonic device with varying depths. Note the greater absorption
for devices with increasing hole depth.
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IV Fabrication
From the simulated geometries, photomasks with square and triangular lattice structures are
fabricated onto silicon wafers. With the master wafer, we perform soft lithography using poly-
dimethylsiloxane (PDMS). PDMS is first prepared by combining the elastomer base with the
curing agent in a 10:1 ratio [9]. Subsequently, the PDMS mixture is poured onto the master
wafer and then placed in a vacuum chamber to remove any air bubbles. With replicas fabricated,
we then imprint the PDMS mold into a SU8 polymer on a PET substrate via ultraviolet (UV)
curing. This provide copies of the array patterns on PET substrates that can easily be processed
in an e-beam evaporator for deposition.
Fig. 6. Fabrication process of PET substrate replicas. First, a PDMS mold is created to create a
replica of the original pattern. This mold is then imprinted onto PET substrates via UV curing.
The fabricated PET samples are then coated with the desired metal.
For varying hole depths, we deposit gold onto PET substrates. Initially, deposition is
attempted via e-beam evaporation. However, due to nonuniform coating thickness, we switch
to deposition via sputtering. The plasmonic structures are placed approximately 45◦ from the
horizontal axis in the sputtering chamber and rotated around the vertical axis to achieve a
uniform layer of gold on the substrate [9]. Figure 7 displays the fabricated structure after
sputtering.
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Fig. 7. Image of fabricated substrate with approximately 200 nm of gold deposited via sputtering.
Scanning electron microscope images seen in Figs. 8 and 9 reveal the fidelity of the fabri-
cated devices to the intended design. The features across each device are uniform and exhibit
consistent dimensions with little variability.
V Results
Once the plasmonic devices are fabricated with desired properties, we perform characterization
using FTIR spectroscopy. We utilize the Digilab FTS-7000 FTIR spectrometer to measure the
specular reflection spectra for the structures with hole depths ranging from 0.5 µm to 2.5 µm,
as seen in Fig. 10.
Comparisons among the samples with varying depths reveal poor spectral features for PET
substrates with depths 0.5 µm compared to the substrates with depths 1-2.5 µm. In addition,
the figure demonstrates how reflection approaches unity for wavelengths above 8 µm. This
9
Fig. 8. SEM image of holes in triangular lattice along with their associated depths in the range
of 1 µm.
result matches the simulations and lends credence to our results. However, adhering to the
FDTD simulations, we expect to see pronounced minima in reflection near 6.5 µm, unseen
in the experimental spectra. This could be due to measurement error while conducting the
FTIR measurements or the inability to account for diffuse reflection caused by imperfections on
the substrate surface. Further work in understanding the optical and emission properties will
continue to optimize the plasmonic devices.
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Fig. 9. SEM image of a hole in the triangular lattice strucutre with a 1 µm depth.
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Fig. 10. Reflection spectra of plasmonic devices with depth ranging from 0.5 µm to 2.5 µm.
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